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On t h e  b a s i s  o f  data on t h e  d . i s t r i b u t i o n  of e l e c t r o n  

c o n c e n t r a t i o n  i n  t h e  r e g i o n  o f  t h e  & l a y e r  of t h e  n i z h t  iono-  

s p h e r e  at middle  l a t i t u d e s ,  and c o n s i d e r i n g  t h a t  i t  i s  b a s i c a l l y  

c o n d i t i o n e d  by f l u x e s  of s o f t  e l e c t r o n s ,  t h e  a u t h o r s  e s t i m a t e  

t h e  e f f e c t i v e  ene rgy  and  t h e  i n t e n s i t y  o f  t h e  e l e c t r o n  flux, compu- 

t i n g  a t  t h e  same t ime t h e  e l e c t r o n  ene rgy  spec t rum.  

, 

The spec t rum computed i n  t h e  r e g i o n  w i t h  e n e r g i e s  from 
4 100 eV t o  5 10 eV , may be approximated  by t h e  power f u n c t i o n  

E-TdE w i t h  y N 4. The k i n d  o f  t h e  o b t a i n e d  s p e c t r u m  a g r e e s  w e l l  

w i t h  t h e  ene rgy  s p e c t r a  o f  e l e c t r o n s  i n  t h e  r e g i o n  of  h i g h  e n e r g i e s ,  

c o n s t r u c t e d  a c c o r d i n g  t o  c u r r e n t l y  w e l l  known e x p e r i m e n t a l  d a t a .  

n l h e  i n v e r t i z a t i o n  of  t h e  upper  a tmosphere w i t h  t h e  h e l p  of  

r o c k e t  and s a t e l l i t e - b o r n  mass-spec t rometers  [l - 43 h a s  shown 

t h a t  t h e  ionosphe re  c o n t a i n s  a S r e a t  i , u a n t i t y  of  N2 , O2 and NO+ 

i o n s  even  a t  v e r y  g r e a t  a l t i t u d e s  o f  t h e  -500- 600 k m  r ange .  

+ +  

Oxygen i s  b a s i c a l l y  d i s s o c i a t e d  above 1 2 0  - 150 km i5], 
that  i s  why t h e  p re sence  o f  0 2 i o n s  above t h a t  l e v e l  is unexpe 
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2 .  

Zut t h e  g r e a t  c o n c e n t r a t i o n  o f  140' i o n s  is s t i l l  more unexpec ted ,  

f o r ,  a c c o r d i n g  t o  t h e  l a t e s t  s p e c t r o s c o p j c  i n v e s t i g a t i o n s  [ 6 ] ,  
NO molecules  a r e  n o t  p r e s e n t  i n  t h e  atmosphere i n  s u f f i c i e n t  

q u a n t i t i e s .  A. D. Dani lov  h a s  shown i n  h i s  works [7, 8, 91, t h a t  

m o l e c u i a r  i o n s  a r e  formed i n  t h e  'Jpper a tmosphere as a r e s u l t  o f  

photochemica l  r e a c t i o n s .  

One o f  t h e  i m p o r t a n t  conseguences  o f  m o l e c u l a r  i o n  con- # 

c e n t r a t i o n  i s  t h e  c o n c l u s i o n  on t h e  g r e a t  i n t e n s i t y  o f  recombina- 

t i o n  p r o c e s s e s ,  and t h e r e f o r e  o f  i o n i z a t i o n  i n  t h e  i o n o s p h e r e .  

It has  been shown i n  [lo] t h a t  t h e s e  data  on t h e  r a t e  o f  r e c o n b i -  

n a t i o n  and i o n i z a t i o n  p r o c e s s e s  i n  t h e  d a y l i g h t  i onosphe re  a r e  

c o r r o b o r a t e d  by new d a t a  on the  i n t e n s i t y  o f  Sun ' s  s lo r t -wave  

u l t r a v i o l e t  and X- r a y  r a d i a t i o n s .  

Because of u n u s u a l l y  h i g h  r ecombina t ion  r a t e s ,  t h e  ionosphe-  

re  must be f u l l y  n e u t r a l i z e d  a f t e r  s u n s e t  i n  a c o m p a r a t i v e l y  s h o r t  

t i m e ,  4-ccordiny t o  t h e  l a t e s t  d a t a  on r ecombina t ion  c o e f f i c i e n t s  

[ S ,  9, lo], t h e  electron c o n c e n t r a t i o n  i n  t h e  i o n o s p h e r e  F-12yer 

m a x i m u m  must d rop  t e n  t i m e s  i n  3 t o  30 minu tes  and 100 t i m e s  i n  

1 t o  10  hours .  A t  l o w e r  a l t i t u d e s  t h e  n e u t r a l i z a t i o n  p r o c e s s  is 

s t i l l  f a s t e r .  I n  r e a l i t y ,  a l t hough  t h e  e l e c t r o n  c o n c e n t r a t i o n  i n  

t h e  ionosphe re  d i m i n i s h e s  a f t e r  s u n s e t ,  i t  s t i l l  m a i n t a i n s  a com- 

p a r a t i v e l y  h i g h  l e v e l ,  b e i n g  o n l y  3 t o  1 0  t i m e s  l o w e r  t h a n  i n  

dayt ime [UJ. An ana logus  p a t t e r n  i s  observed  d u r i n g  s o l a r  e c l i p s e s .  

The ionos9he re  is a l s o  p r e s e r v e d  d u r i n g  t h e  p e r i o d s  of  deep  p o l a r  

n i g h t s  a t  hi,yh l a t i t u d e s ,  The re fo re  t h e  e x i s t e n c e  o f  a complernen- 

t a r y  s o u r c e  o f  i o n i z a t i o n  i n  t h e  i o n o s p h e r e  i s  d o u b t l e s s ,  though 

i t s  n a t u r e  s t i l l  remains  obscu re .  

A 

Such p e c u l i a r i t i e s  i n  the behav io r  o f  t h e  n i g h t  i onosphe re  

and  o f  t h e  F - l a y e r ,  as s i g n i f i c a n t  i r r e g u l a r  o s c i l l a t i o n s  i n  t ime 

o f  e l e c t r o n  c o n c e n t r a t i o n ,  the  dependence o f  l a y e r ' s  a l t i t u d e  ai- 

o f  e l e c t r o n  c o n c e n t r a t i o n  on t h e  geomagnet ic  l a t i t u d e  and t h e  

t e n c e  of  l o c a l  r e g i o n s  w i t h  i n c r e a s e d  i o n i z a t i o n  e t c .  compel 

assume t h a t  charged p a r t i c l e s  - c o r p u s c u l e s  - a r e  t h e  so1 



n i g h t  i o n i z a t i o n .  T h i s  h y p o t h e s i s  is n o t  o n l y  based  upon d a t a  on 

t h e  i o n o s p h e r e ,  b u t  a l s o  on v a r i o u s  c o n s i d e r a t i o n s  o f  p r o p e r t i e s  

o f  t h e  assuxed  c o r p u s c u l a r  s t r e a m  o r i q i n a t i n g  i n  t h e  Sun [12]. 

The o c c u r r e n c e  o f  t h e  n i g h t  s p o r a d i c  E s - l a y e r  and t h e  

o t h e r  p e c u l i a r i t i e s  o f  i onosphe re  b e h a v i o r  a r e  c o r r e l a t e d  w i t h  

t h e  masne t i c  a c t i v i t y  [13]. V. I. Krasovslr iy  C14], and l a t e r  2. A, 
Zeva-kina ClS], l i n k e d  t h e  o r i g i n  o f  anoixplous shenomena i n  t h e  E 

and  D- layers  o f  t h e  ionosphe re  d u r i n g  magne t i c  T'bagsrr w i t h  t h e  

p e n e t 2 a t i o n  or" c o r p u s c u l n r  s t r e a m s  i n t o  t h e  1 o ; e r  p a r t  o f  t h e  iono-  

s p h e r e .  V. 15. D r i a t s k i g  and A. S .  Sesprosvannaya  n o t e d  t h e  

p r e s e n c e  o f  c o r r e l a t i o n  b e t ; e e n  

l a y e r  i n  t h e  A r c t i c a  and t h e  magnet ic  data ( s e e  a l s o  [17]), which, 

a c c o r d i n g  t o  t h e i r  o p i n i o n ,  i n d i c a t e s  t h e  c o r p u s c u l a r  n a t u r e  o f  t h e  

i o n i z a t i o n .  Z .  I .  Mogi levskiy  E183 a t t e m p t e d  t o  make a q u a n t i t a t i v e  

e s t i m a t e  o f  t h e  i n t e n s i t y  ( a102 p a r t i c l e / c m 3 )  and t h e  spec t rum 

( y  2 0 . 6 )  o f  t h e  c o r p u s c u l a r  s t r e a m  a c c o r u i n y  t o  ionoEpher i c  d a t a ,  

Y a .  L .  A l ' p e r t ,  V. L o  Ginzburg and E .  L .  Feynberg ( s e e  [19], p.638) 

i n t r o d u c e d  t h e  c o r p u s c u l a r  h y p o t h e s i s  as a p o s s i b l e  e x p l a n a t i o n  of  

t h e  vieel known e f i e c t  of i o n o s p h e r e ' s  c o n p l e n e n t a r y  i o n i z a t i o n  a t  

t h e  20 t o  30' geomagnet ic  l a t i t u d e .  Bes ides  t h e  i o n o s p h e r e ,  a s e r i e s  

o f  o t h e r  g e o p h y s i c d .  phenomena, s u c h  as a u r o r a e  and p a r t i c u l a r l y  

t h e  d i f f u s e d  a w o r a e  [20], t h e  n i g h t  sky @on [21, 221, i n  which 

c h , r s c t e r i s t i c  d i s c r e t e  glow r e g i o n s  a r e  o b s e r v e d ,  t h e  i n i t i a l  

h e a t i n g  o f  t h e  uppLr atmocphere L23, 24, 251 and o t l i i r s ,  c o r r e l a t e  

w i t h  t h e  Teomagnetic d a t a ,  and t h e y  a r e  a s c r i b e d  t o  t h e  a c t i o n  o f  
cropuscdar sT;l-ec7111s orii5inaiiilti 3--- _ _  IT-- ---- r T c  3 ~ 1  TT,....~.~~.. 

u n t i l  now, t h e  n a t u r e  of t h e  mechanism o f  t h e  deep  p e n e t r a t i o n  i n t o  

t h e  n i g h t  i o n i z a t i o n  o f  t h e  F2- 

I I  Uill b l l t i  U U I I  L"", L / J .  L L u r . r r r r ,  '2B 

t h e  X:n r th t s  a tmos?here ,  and through t o  i o n o s p h e r e  o f  a s u f f i c i e n t l t  

po1;ierful solar c o r p u s c u l a r  r a d i a t i o n  h a s  remained obscure  C28-J. 

T h a t  i s  why, all e x p l a n a t i o n s  o f  2henonena t a k i n g  p l c c e  i n  t h e  uoper  

atmos,!?ere, l i d r e d  r ; i t h  t h e  c o r p u s c u l a r  r a G i a t i o n  h y p o t h e s i s ,  were 

n e ' i t h e r  c o h e r e n t  n o r  c o n c l u s i v e  . 
i Ic -n : - ] i i l c ,  t k e r e  a r e  a l s o  d i r e c t  i n d i c a t i o n s  t o  t h e  e f f e c t  



t h a t  p a r t i c l e  I2uxes e x i s t  i n  t h e  i o n o s p h e r e  and above i t ,  o f  

c o m p a r a t i v e l y  f a s t  e l e c t r o n s .  ( A s  t o  t h e  posL ib le  riechanisms of  

e l e c t r o n  flux fo rma t ion  i n  t h e  i o n o e p h e r e ,  s e e  be low) .  

The i d e a  o f  up-;3er atmos;.here i o n i z a t i o n  by c o r p u s c u l e s  

r e c e i v e d  a s e r i c u s  a u p r o r t  a f t e r  Van A l l e n  and o t h e r s  [29, 301 
d e t e c t e d  w i t h  t h e  a i d  of  r o c k e t s  r a t h e r  i n t e n s e  e l e c t r o n  f l u x e s  

even  a t  c o n p a r a t i v e l y  10v.r  a l t i t u d e s  of  -1CO kmE293. The maximum 

o f  t h e i r  i n t e n s i t y  is observed  i n  t h e  a u r o r a  zone. Zowever, t h e s e  

e l e c t r o n  streams are v e r y  i r r e g u l a r  and t h e y  a p p r e n t l y  e x i s t  a t  

all l a t i t u d e s .  I n  t h e  e x 2 e r i n e n t s  by t h e  a u t h o r s  o f  r e f e r e n c e s  

1131 and 32.1, a f l u x  wi th  an i n t e n s i t y  o f  erg/cm2 at 80 t o  
100 k m  a l t i t u d e  w a s  obzerved  i n  t h e  middle  as r ie l1  as i n  h i g h  l a t i -  

t u d e s .  

Obayashi  [ 3 3  - 361 comramicated,  t h a t  t h c r e  apgeared  a t  t h e  

end  o f  a magnet ic  s t o r m  a cor7:uscular s t r e a m  havin.: i nduced  a s h a r p  

i n c r e a s e  o f  e l e c t r o n  d e n s i t y  and a d i s t u r b a n c e  o f  t h e  magnet ic  f i e l d .  

Gn t h e  b a s i s  o f  t n e  s t u d y  of  7 t w h i s t l e r "  propa&;at ion,  Smi th  and o t h e r s  

have  e s t a b l i s h e d  a columnar s t r u c t u r e  o f  t h e  ionosphe re  above t h e  

3 - l a y e r  mximuii c37, 581. Such colurms m a g  o n l y  form unde r  t h e  e f i e c t  

o f  l o c a l  co r? ,uscu lz r  s trea1.B. 

An i q t e r e s t i n g  r e s u l t ,  o b t a i n e d  w i t h  t h e  h e l p  o f  E x p l o r e r  

w a s  com..uiiicated by G'Br ien  and al. c 3 9 ] .  A particn'larly nov:erful 

e l e c t r o n  s t r e a m s  >/ 1 0  erg/cm s e c ,  was r e z i s t e r e d  at 1600 kill alti- 

t u d e  p r e c i s e l y  at t h e  t ime t h e  s a t e l l i t e  was p a s s i n g  o v e r  an aurora .  

arc  ( i f  one p r o j e c t s  t he  s a t e l l i t e  a l o n g  t:ie mz;netic l i n e  o f  f o r c e ) ,  

w h i l e  o n l v  e l e c t r o n s  wi th  e n e r g i e s  E >30 keV were r e L i s t e r e 6 .  An 

i n t e n s e  s t r e a m  o f  cor , ,uscular  r a d i z t i o n  VKS a l s o  obse rved  a t  s a t e l l i -  

t e ' s  pa. s i n g  ove r  a b r o a d l y  s t r e t c h e d  a u r o r a  arc ,  ylowing i n  t h e  

6300 
synchronicKLly  i n  t ime as t h e  a u r o r a  glow v:as dy ing  army. 

4 2 

l i n e .  The i n t e n s i t y  o f  c o r p u s c u l a r  r a d i a t i o n  t h e n  d i rx in ished  

The e x a n p l e s  brought  o u t  t h u s  demons t r a t e  t h e  e x i s t e n c e  o f  

e l e c t r o n  s t r e a m s  i n  t h e  ionosphe re  at l e a s t  at t i m e  o f  c e r t c i n  pa r -  

t i c u l a r  phenomena, such  as a u r o r a e ,  magnet ic  s t o r m s  and o t h e r s ) .  



5. 

EFFECTIVE EXEGY OF ELECTZONS AND INTZNSITY O F  THE 

XLZCTXJN STRdAI4 IN TEK IONOSPHERE 

I t  m y  be asrumed on t h e  b a s i s  of t h e  a f o r e s a i d ,  t h a t  

t h e r e  is a l a r g e  nunber  of  t r apped  e l e c t r o n s  i n  all t h e  r e g i o n s  

o f  t h e  Z a r t h ' s  ma-gnetic f i e l d ,  and n o t  o n l y  i n  r a C i a t i o n  b e l t s .  

C407. Z l e c t r o n s  spi i .21 d o n g  tile m a r y e t i c  l i n e s  o f  f o r c e .  It may 

be c o n s i d e r e d  t h a t  2 s p e c i f i c  e l e c t r o n  flux f lows  b o t h  mays a l o n g  

t h e  t u b e  o f  f o r c e .  ; h e r e v e r  

coot"." i' 

' 
\ 

500 - \ 

I aln,l(I) 

(rqJ) /*IO' I 2.104 

10" 10" 10" 10" 
I I I I I 

3 m .  1 b V a r i a t i o n  r r i t h  
= a l t i t u d e  o f  t h e  ma-ni tudes 
g ' n $  (I) and Or'nXe(n/ 
i n  t h e  i o n o s p h e r e .  

~ 

t he  masne t i c  t u b e  o f  f o r c e ,  a l o n g  

which t h e  e l e c t r o n  s t r e a m  f l o w s ,  en- 

t e r s  s u f l i c i e n t l y  dense  atmosphere 

l a y e r s ,  f r e q u e n t  c o l i i s i o n s  o f  e l e c -  

t r o n s  w i t h  a t o m  and molecules  o f  t h e  

a tmosphere  t a k e  p l a c e  and t h e  i o n i z e d  

l a y e r  - t h e  i o n o s p h e r e  - t h u s  angea r s .  

I h e  d i s t r i b u t i o n  of e l e c t r o n  

i n t e n s i t y  a long  t h e  t u b e  o f  f o r c e  w i l l  

be  d e t e r m i n t d  on one p a r t ,  by e l e c t r o n  

for rna t ion  and by t h e  d i s t r i b u t i o n  i n  

t h e  magnet ic  f i e l d  o f  e l e c t r o n  s o u r c e s ,  

and by e l e c t r o n  v a n i s h i n g  from mape-  

t i c  t u b e s  on t h e  o t h e r .  

The s o u r c e  of  fast  e l e c t r o n s  

i s  unknom f o r  t h e  t i n e  b e i n p .  Thus 

for t h e  d e t e r m i n a t i o n  o f  t h e  i n t e n s i t y  

and o f  t h e  snec t rum 

s h a l l  t u r n  t o  i o n o s p h e r i c  da t a .  A t  t h e  Laze t ime  ne shall assume 

t h a t  t h e  b a s i c  cause  o f  energy l o s s  by t h e  e l e c t r o n s  r s i d e s  i n  t h e  

n o n - e l a s t i c  c o l l i s i o n s  w i t h  a t n o s p h e r e  p r t i c l e s  , at  which t h e  main 

s h a r e  o f  ene rgy  goes  t o  t h e  i o n i z a t i o n .  L e t  u s  rough ly  e s t i m a t e  t h e  

e f f e c t i v e  e n e r z y  and t h e  i n t e  s i t y  o f  t h e  e l e c t r o n  stream, cons ide -  

r i n g  t h a t  t h e  ionos i lhere  i o n i z a t i o n  i n  n i T h t t i m e  c o n d i t i o n s  i s  o n l y  

m s t e r i a l i z e d  by t h e  s t r e m i  of c l e c t r o n s .  

o f  t h e  e l e c t r o n  f lux  at v3r ioup  a l t i t u d e s ,  Ne 



6 .  

Under e q u i l i b r i u m  co f id i t i ons  t h e  number Q o f  i o n s  forming  

i n  1 cm 3 i n  1 s e c o n d  i s  e q u a l  t o  t h e  number o f  r e c o m b i n a t i o n s  n e ,  2 
where ne is t h e  e l e c t r o n  d e n s i t y  a t  t h e  g i v e n  h e i g h t  l ~ ,  01' b e i n g  

t h e  e f i ' e c t i v e  r e c o m b i n a t i o n  c o e f f i c i e n t .  I f  t h e  i n t e n s i t j  o f  e l e c t r o n s  

i n c i d e n t  i n  1 cm'per second from one s t e r a d i a n  i n  a d i r e c t i o n  d e t e r -  

mined by t h e  a n g l e s  8 between t h e  e l e c t r o n  v e l o c i t y  v e c t o r  and t h e  
;e$!cal, and Ip ( a z i m u t h ) ,  is R(E ,  h ,4 ' ,Lp  ) ern-' s e c  -1 sterad- ' ,  t h e n  

wkere fJ is t h e  d c n s i t y  o f  t!le a tmosphere ,  f ( E )  i s  t h e  i o n  f o r m a t i o n  

c o e f f i c i e n t  i n d i c a t i n g  how many p a i r s  oi i o n s  form one e l e c t r o n  w i t h  

t h e  energy  E at p a s s i n g  1g. o f  m a t t e r .  I t  i s  accounted  i n  t h e  f o r -  

mula, t h a t  at + f 0, t h e  e l e c t r o n  c r e a t e s  a t  G a s s i n g  t h e  h o r i z o n t a l  

l a y e r  4. times more ions/s , t h a n  t h e  v e r t i c d l y  i n c i d e n t  e l e c t r o n .  

The enei-zy flux o f  e l e c t r o n s  I vi11 be I = Q E  , where 6 i s  t h e  

eze rgy  l o s t  by t h e  e l e c c r o n  at f o r m a t i o n  o f  a s i n y l e  p a i r  o f  i o n s .  

? o r  e l e c t r o n  e n e r g y  E > 4 l o 3  eTJ f o r  a t a o s p h c r i s  c o n s t i t u e n t s  "/ 30 eV 
and f o r  l o z e r  v a l u e s  E,  t h e  ma--nitude E n i l 1  somenhat i n c r e z s e  141). 
Thc im-.nitu6cz oPn 2 e and ol'n 2 a r e  r e5 : Jec t ive ly  p r e s e n t e d  i n  F i g .  1 

( I  and 1 1 )  and i n  t h e  T a b l e  h e r e a f t e r .  The f o l l o c i n e  i n i t i d  d a t a  

hzve a t  t h e  sane t ime  been u t i l i z e d .  

I 1 2  

I I 

1,7*10' 
13.104 

3.109 
3,B.1Oa 
1,3*101 

60 
50 
2.5 
16 

1 
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Up t o  t h e  p r e s e n t  t ime  s e v e r a l  c u r v e s  : e r e  o b t a i n e d  iyith 

t h e  h e l p  o f  r o c k e t s ,  g i v i n g  t h e  n i g h t i m e  d i s t r i b u t i o n  o f  e l e c t r o n  

c o n c e n t r a t i o n  ne as a f u n c t i o n  oI" a l t i t u d e .  li. I. Gr ingeuz  [42, 437 
mcasured t h e  e l e c t r o n  c o n c e n t r z t i o n  i n  t h e  100 - 200 k m  d t i t u d e  

r a n g e  d u r i n ?  l e t e  e v e n i n s  (19 54) h o u r s .  J a c k s o n  anu Seddon [ll, 44, 
45 and 461 o b t a i n e d  d a t a  i n  t h e  middle o f  n i y h t  ( G O 1 7  h o u r s )  i n  

t h e  80 - 200 km r e g i o n .  N i s b e t  E471 made t h e  analysis of  s e v e r a l  c u r -  

v e s  n i g h t t i m e  e l e c t r o n  d e n s i t y  d i s t r i b u t i o n  above 2 C G  kc. Column 2 

o f  t h e  above Table provi\lLes t h e  1 o : e s t  v a l u e s  of  

t h e s e  d a t a .  

0; r o c k e t s  a d  s a t e l l i t e s ,  L ~ S  t a k e n  a c c o r c i n q  t o  t h e  work by I%:ikhne- 

v i c h  and al. [481. 

ne a c c o r d i n g  t o  

The d e n s i t y  o f  t h e  atmosphere Q, rneEsui'ed r i t h  t h e  a i d  

,'he magnitude 

m 

I1 
ph (pdh. 

\ 

2 I n  c a l c u l a t i n q  " n e  t h e  o(' value;  rrere t a k e n  a c c o r u i n g  t o  

D a n i l o v  v;oi-k c8], w 3 1 e  admi c t i n g  t h a t  f o r  t h e  r e a c t i o n  of dirz-0- 

c i a t i v e  r e c o m b i n a t i o n  €4+ + e  - A1 + A2, t h e  r a t e  f a c t o r  is br* = l o -  6 
The esperimentGal  d e t e r m i n a t i o m  o f  t h a t  magni tude g i v e  a s p r e a d  w i t h i n  

t h e  bounds o f  one o r d e r .  Taking a n o t h e r  p o s s i b l e  extreme boundary 

v d u e  a* = ( s e e  [lo]), we f i n 2  t h a t  all maynitudes a ' n  e r u s t  

be  d i m i n i s h e d  by one o r d e r ,  c o r r e s p o n d i n g l y .  The t o t 2 1  number o f  

r e c o n b i n a t i o n s  i n  t h e  n i e h t  i o n o s p h e r e  c o l u n n  o f  1 ,ai2 c r o s s  s e c t i o n  

w i l l  be : 

2 

a'n:dh =2 I 0 1 0 ~ 2  I 011 cM-2cetc-1, (2) T 0 

and u n 2 e r  e q u i l i b r i u n  c o n d i t i o n s  i t  i s  eciual t o  t h e  number of  

i o n i z a t i o n  a c t s .  Inasmuch as each a c t  o f  i o n i z a t i o n  i n  t h e  atmosphere 

consumes an e n e r g y  E ,  t h e  t o t a l  e n e r g y  flux of  e l e c t r o n s  absorbed  i n  
L a i o n o s F h e r e  column o f  1 cm c r o s s  s e c t i o n ,  is a c c o r d i n g  t o  ( 2 ) :  
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It i s  i m p o r t a n t  t o  s t ress ,  t h z t  t h i s  e s t i m a t e  o f  e l e c t r o n  

ener,gy flux c o i n c i d e s  by i t s  o r d e r  of  masni tude  w i t h  t h a t  o f  t h e r r i a l  

enerr;y f l u x ,  l o s t  by t h e  i o n o s p h e r e  on a c c o u n t  o f  h e a t  c o n d u c t i v i t y  

and  microwave eL,ission of a tor ; ic  oxygen,  n k i c h  is - 0.5 - 1 erq/cro2 .s. 

[49, 501. The s o u r c e  o f  t h a t  t he rma l  e n e r g y  h a s  n o t  s o  f a r  been found. 

IbTeanwhile , t h e  c u r r e n t l y  assumed e l e c t r o n  flux o b v i o u s l y  must expend 

t o g e t h e r  w i t h  t h e  i o n i z a t i o n  a s u b s t a n t i a l  s h a r e  o f  i t s  eneryy  f o r  

t h e  h e a t i n g  o f  t h e  atmosphere g a s  t o o .  

L e t  us es t imate  t h e  e f f e c t i v e  v d u e  o f  e l e c t r o n  e n e r q y  and 

of  t h e i r  number. The s p e c t r u m  of fas t  e l e c t r o n s  i n  a u r o r a e  was expe- 

r i m e n t a l l y  d e t e r r - i n e d  w i t h  t h e  h e l p  o f  r o c k e t s  by 1.ieredith and al. c5l] 
and by McIlvrain 1521. I n  t h e  lo, e r  p a r t  o f  t h e  i n n e r  r a d i a t i o n  b e l t  

i t  v;as d e t e r i - i n e d  by H o l l y  and Johnson E533, and i n  t h e  o u t e r  b e l t  by 

1,ial.t and. a 1  c5 ' ; ] .  The a p l , r o x i n a t i o n  of  t h e  e l e c t r o n  s p e c t r u n  r r i t h i n  

t h e  8 t o  4000keV e n e r g y  r a n g e  by t h e  e x p o n e n t i a l  law n ( E )  dE - 
gives  t h e  value 

mas found by Anderson c55) f o r  s p o r a d i c  e l e c t r o n  f l u x e s  a t  a b o u t  

100 krn a l t i t u d e  z c c o r d i n g  t o  t h e i r  X-rFcXation b r e h m  t r a h l u n g  r e g i s t e r -  

e d  by means of  b,alloons. Because o f  s p e c t r u m  s t e e p n e s s ,  t h e  number o f  

e l e c t r o n s  and t h e i r  e n e r g y  f lux  are b a s i c a l l y  cieteri i ined by t h e  s o f t e s t  

e l e c t r o n s .  Thus ,  ne have i n  t h e  upger  p m t  o f  t h e  ionos-phere * >  

4 - 5 f o r  t h e  1nagnitude)C . A s i r d l a r  s t e e p  s p e c t r u m  

* 

where t h e  e L i e c t i v e  v a l u e  of energu  is d e t e r x i n e d  by t h e  lol:.er boun- 

d a r y  of the s p e c i r * u u ,  ?<ki<le '-;. -hnlif p n i ? s l  1-.o snectrLinits h a l f -  

w i d t h ,  p 
f o r  t h e  e x p o n e n t i a l  l a w  F) = l / l ( v  - 2) .  

Y"30 -" -----I 
b e i n g  t h e  f a c t o r  depending on t h e  k i n d  o f  e l e c t r o n  s o e c t r u m :  

For  a p r e l i s i n z r y  e s t i m a t e  we s h a l l  admit  t h a t  t h e  e l e c t r o n  

f l u x  h a s  a n  axial. symmetry r e l a t i v e  t o  t h e  v e r t i c a l ,  and t h a t  an 

i s o t r o p i c  e l e c t r o n  flux i s  i n c i d e n t  f r o m  t h e  upper  h a l f - s p h e r e  on 

t h e  h o r i z o n t a l  p l a n e  i n  t h e  i o n o s p h e r e  ( s e e  t h e  f o l l o n i n g  c h a j i t e r ) .  

* )  ffe shall r e t a i n  i n  t h e  follo!-i ing formulas "303" for t r c f f T 1  
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I n  t h i s  case (1) w i l l  be r e i v r i t t e n  i n  t h e  form : 

A s  f o r  ( 4 ) ,  ,:e s h a l l  o b t n i n  f o r  (5), t h a t  a t  any d t i t u d c  h: 

(6) a'n2 2n6Ea*.n(E,@)*f(&*) = -e 9 
P 

where E 3* and 8 are s u f f i c i e n t l y  n e a r  t h e  m g n i t u d e s  E3@ 

i n  ( 6 )  t h e  i o n i z i n g  c a p a b i l i t y  o f  e l e c t r o n s  w i t h  e f f e c t i v e  e n e r m  

E3* . It may be s e e n  from t h e  T a b l e  t h a t  t h i s  i m y i t u d e  s h a r p l y  

i n c r e a s e s  i n  t h e  d i r e c t i o n  toward t h e  i o n o s p h e r e  l a y e r  mainurn,  and 

remains  n e a r l y  c o n r t a n t  above t h e  maximum, a~ is shown by computa- 

t i o n s  ( d o t s  o f  T i g .  1, corres:20nL.ing t o  u n c e r t a i n  v a l u e s ,  p o i n t  e v e n  

t o  t h a t  m a g n i t u d e ' s  d e c r e a s e ) ,  t h u s  a t t e s t i n g  t h e  c o n s t a n c y  o f  e l e c -  

t r o n  flux i n  t h e  upFer  p a r t  of t h e  i o n o s p h e r e .  T o r  t h a t  n n r t  rye have 

cx' nZe/p .I/ 5 c d7, whence from (6), t o - e t h e r  i.;ith (3) an? ( 4 )  
n e  shall o b t a i n :  

ar 3 

i n  t h e  e x p r e z c i o n  (4). The m n p i t u d e  gt n 2 / e P  
f a c t u a l l y  e x p r e s s e s  

. E = 1-25. 1 0 6  C A [ ~  z-1. (7) 
E,@ 

T h i s  allo-iis  t h c  esti!;?-cte o f  t h e  e f f e c t i v e  e n e r g y  o f  e l c c t r o n s .  

L e t  us  n o t e  t h a t  t h e  ex iwess ion  ( 7 )  does n o t  p r a c t i c a l l y  

depend on t h e  a d m i t t e d  v a l u e  f o r  a t .  T h i s  i s  obvious  i f  we t d c e  

a n o t h e r  v a l u e  o(* ,  inasmuch as a t e  K * .  But even i f  w e  take q u i t e  

d i f f e r e n t  v a l u e s  f o r  t h e  e f f e c t i v e  r e c o m b i n a t i o n  c o e f f i c i e n t  , s u c h  

as t h e  %tra d a t a ,  for i n s t a n c e ,  [563, t h e  n u m e r i c a l  m u l t i p l i e r  i n  ( 7 )  
w i l l  be e q u a l  t o  4 * l o ,  5 i. e ,  i t  r i i l l  v a r y  l i t t l e  i n  s u b s t a n c e .  

A d m i t t i n g  f o r  a p re l in i in&ry  e s t i n a t e ,  t h a t  t h e  atmosphere 

m a i n l y  c o n s i s t s  o f  i l iolecular n i t r o g e n  t o  300 k m  heiGlzts E-], me s h d l  

o b t a i n  from ( 7 )  t h a t  E ,@= 200 e V .  A t  t h e  same t i m e ,  t a k i n g  ( 3 )  i n t o  

a c c o u n t ,  t h e  t o t a l  nunber  o f  e l e c t r o n s  i n  t h e  flux m i l l  b e  - 5 109 t o  5 a 1OlO c m - 2 s e c  -1 . 
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Thus ,  i n  o r a e r  t o  e x g l a i n  t h e  n i g h t  i o n i z a t i o n  03 t h e  

ionos- , )here  by  c o r p u s c u l e s ,  i t  i s  n e c e s s a r y  t o  adlLit t h e  e x i s t e n c e  

i n  t h e  u p p r  atmosphere o f  a s u l _ i c i e n t l y  powerfu l  f l ux  o f  compa- 

r a t i v e l y  s o f t  e l e c t r o n s .  L e t  us a t t e m p t  t o  e 1 f e c t  a more p r e c i s e  

computa t ion  o f  t h e  e l e c t r o n  spectrum. 

- C O P P U T A T I O N  OF’ T H E  E L Z C T R O N  ENERGY SPECTRUM 

I n  o r e e r  t o  c ~ . . . ~ u t e  t h e  e l e c L r o n  spectr iui i ,  vie shall c o n s i -  

d e r  t h a t  an e l e c t r o n  s t r e a m ,  o i t h  a c e r t a i n  d i s t r i b u t i o n  s p e c t r u m  

by e n e r g i e s ,  is i n c i d e n t  U - J O I ~  J ic  i o n o s p h e r e  from above. 

_is i t  p e n e t r a t e s  t h e  i o n o s p h e r e ,  

tl-lis s t r e a m  m i l l  i o n i z e  t h e  a tmosphere  

F i g .  2.  Elec’cron enerTy 
s p e c t r a  a c c o r d i n g  t o  d a t a :  
1 - V/a.dt 3 al 1543; 2 - 
Anderson [55], m a n  s p e c  ;;rum 
b e i n g  couLJu‘ced by 1:-brekm- 
s t r a : i l un r ;  ; 3- h o l l y ,  Johnson 
E551 ( i n  r e l & t i v e  u n i t s )  ; 
4 - ~ r a s o v s k i y  & ELL. E241 ; 
5 - ;.cIl:.!ain [_55]; 6 - bieredi th  
z d. C ~ 1 3 ;  7 - - , u u i e r i a n  & 
Friearczn CG0-J; 8 - c o q u t e d  
i n  t h e  c u r r e n t  v!ork. 

c o n s t i t u e n t s .  F i  t s t  t h e  s o f t e r  e l e c t -  

Tons,  t h e n  t h e  harcier ones n i l 1  l e a v e  

t h e  s t r e a m ,  inasrmch a t h e  e f f e c t i v e  

i o n i z a t i o n  c r o s s  s e c t i o n  d e c r e a s e s  as 

t h c  e l e c t r o n  e n e r g y  i n c r e a s e s .  I n  f a c t ,  

e l e c t r o n s  w i t h  ener,yy X s u r r e n d e r  t h e  
1. vc~o;c 1 c * p z r t  o f  t h e i r  eiler,Ty i n  t h e  

n a r r o w  i o n o z p k e r e  l a y e r  Igr ior  t o  r e a -  

c h i n ?  t h e  end 02  t h e i r  p a t h  a t  t h e  

a l t i t u d e ,  vLiere t h z  E ~ S S  of  t h e  atmo- 

s p h e r e  is a b o u t  eGual t o  E /  f ( E ) €  . 
A t  t h e  saiiie t i m e ,  i t  i s  o’zTiious t h a t  

t h e  e l e c t r o n s  w i l l  unllergo m u l t i p l e  

c o l l i s i o n s ,  and t h e  v e l o c i t y  ciistri- 

b u t i o n  o f  s u c h  e l e c t r o n s  i n  t h e  s t r e a m  

rill be n e a r l y  isotroL3ic . T h i s  clust 

be  t z k e n  i n t o  acco’lznt when computin; 

t h e  i o n i z a t i o n ,  i n a s m c h  as t h e  e l e c -  

t r o n ,  p a s F i n g  o b l i c u e l y  tl;rou;Sh 2 c e r -  

t a i n  i o n s o p h e r e  l a y e r ,  T A U  p roduce  

more i o n s ,  t h a n  t h e  v e r t i c a l l y - i n c i -  

d e n t  e l e c t r o n .  
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;is is  s h o m  by t h e  c o n p u t a t i o n s ,  t h e  l e n g t h  o f  t 5 e  p a t h ,  and t h u s  

t h e  i o n i z a t i o n  c r e e t e d  by a s t r e a m  a t  i ts  p a s s i n g  a l a y e r  o f  s p e c i -  

f i c  h e i g h t ,  i s  i n c r e a s e d  twofold as a n  a v e r a g e  a t  i s o t r o r x i c  v e l o c i t y  

d i s t r i b u t i o n  o f  e l e c t r o n s  i n  the  stream. A c e r t a i n  e f f e c t  upon t h e  

l e n S t h  of e l e c t r o n  p a t h  n i l 1  be a l s o  e x t e r t e d  by t h e  magnet ic  f i e l d .  

IIowever, inasmuch as t h c  b a s i c  e n e r g y  a t  e v e r y  a l t i t u d e  is b o r n e  by 

t h e  s o f t e s t  e l e c t r o n s ,  and t h e  b a s i c  s h a r e  o f  t h e i r  enerf;y i s  l o s t  

by e l e c t r o n s  when t h e i r  v e l o c i t y  d i z t r i b u t i o n  is i s o t r c ? i c  on 

account  o f  t h e  s t e e p n e s s  o f  tile e l e c t r o n  s p e c t r u m ,  t h e  magxet ic  

f i e l d ' s  i n f l u e n c e  must n o t  be t a k e n  i n t o  a c c o u n t .  

L e t  u s  admit  t h a t  o n l y  e l e c t r o n s  w i t h  e n e r q y  > E ' ,  c h a r a c t e r i -  

zed by t h e  p a t h  

may p e n e t r a t e  t o  t h e  l e v e l  h i n  t h e  i o n o s p h e r e .  

I f  t h e  e l e c t r o n  v e l o c i t y  d i s t r i b u t i o n  i n  t h e  s t r e a m  is  i s o -  - 
t r o y i c ,  pi = 2fh  . I n  t h c t  c ? s e ,  t k e  crgction (5) ::i.I.: t&e t k e  forn : 

a'n; 

P E'tCI' 

A t  t h e  s a l e  Lime, i t  is c o n s i c e r e d  t h a t  t h e  k i n d  o f  s p e c t r u m  

n ( E )  doe:: n o t  v a r y  a t  e l e c t r o n  f l u x '  p a s s i n g  tizroutl;h t h e  i o n o s p h e r e ,  

which i s  o n l y  a p p r o s i u z t e l y  c o r r e c t .  

L e t  us r e s o l v e  t h e  e q u a t i o n  (8) by :.lay o f  d i f j e r e n c i a t i n g  

b o t h  n z r t s  by t h e   pa^ m e t e r  Ph, which q i v e s  t h e  f o l l o r r i n g  e q m e s s i o n  

€ o r  t h e  ener:i;y s p e c t r u m  o f  e l e c t r o n s  i n  t h e  stream: 
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The r e s u l t s  o f  c o n g u t a t i o n s  bv t k a t  formula  a r e  b r o u g h t  o u t  

i n  t h e  T a b l e .  The v a l u e s  of  t h e  magni tudes  f (E!) and - were t d r e n  

a c c o r d i n g  

231 

a Pe 
t o  t h e  i n f o r m a t o r y  d a t a  i n  r e f e r e n c e  [ 5 7 ] ,  pp. 543, 347. 

For  s m a l l  v a l u e s  of  energy E t <  3 ID3 e V  d a t a  on E. from 

r e f e r e n c e  [41J n e r e  used .  The o b t a i n e d  e l e c t r o n  s p e c t r u m  ( s e e  F ig .  2 )  

r e s u l t s  t o  be  a power-law s p e c t r u m  w i t h  y = 4.5. 

* * *  

D I S C U S S I O N  OF THE FZ~sUL'L1S 

L e t  u s  c o q a r e  t l ie r e s u l t s  o f  t h e  above computa t ions  w i t h  

t h e  expe r i iucn ta l  d a t a  abou t  t h e  e n e r g y  s p e c t r u m  of  e l e c t r o n s  i n  t h e  

up,er atrnoEphere o b t a i n e d  w i t h  t h e  a i d  o f  r o c k e t s  and s a t e l l i t e s .  

The r e s u l t s  o f  rfleasil.rements of t h e  s p e c t r u m  a r e  p l o t t e d  i n  

Fig;. 2. The f i r s t  mecsurements o f  t h e  s p e c t r u m  OP p a r t i c l e s  viere 

conducted  by L e r e i i t h  and c o l l a b o r a t o r s  CSl] w i t h  t h e  h e l p  o f  r o c k e t s  

l a u n c h e d  i n  t h e  l u m i n e s c e n t  forc!ations o f  a u r o r a e .  T l e c t r o n s  were 

o b s e r v e d  o n l y  i n  t h o s e  f o m a u i G n s .  T h e i r  s p e c t r u m  wzs rouvh ly  e s t i -  

mated. It w a s  shown t h a t  t h e  e l e c t r o n  f lux  w i t h  e n e r g y  > 8keV is 

1 0  times greater  t h a n  t h e  e l e c t r o n  flux w i t h  energy  2 3 5  keV, w h i l e  

t h e  t o t a l  f l u x  o f  e l e c t r o n s  w i t h  e n e r g y  3 3  keV c o n s t i t u t e d  a b o u t  

- 

5 erg/cm 2 s e c .  s t e r a d .  

I-:ore d e t a i l e d  measurenents  of e l e c  "ran s p e c t r u m  i n  t h e  e n e r g y  

r e Z i o n  from 3 to 30 k e v  ( a l s o  i n  a u r o r a e )  were e f f e c t e d  by iV:cIl\,ain 

[52, 587 u i t h  t h e  h e l p  of a uizqnctic a n a l y z e r .  P l o t t e d  i s  i n  F i g . 2  

t h e  e l e c t r o n  e n e r g y  s p e c t r u m  obtzAned i n  t h e  r e g i o n  o f  a u i e t  (pass ive)  

a u r o r a  l u m i n e s c e n c e .  I n  a n o t h e r  r o c k e t  l a u n c h i n g ,  t h i s  time i n  t h e  

b r i g h t  and a c t i v e  a u r o r a  a r c ,  t h e  e l e c t r o n  s t ream shol;ed q u i c k  v a r i a -  

t i o n s  i n  t i n e ,  The e l e c t r o n  d i s t r i b u t i o n  by eneri;ies r e s u l t e d  c l o s e  

t o  t h e  monoenerge t ic ,  w i t h  an  eriergy o f  - 6  keV, b u t  insamuch as 

t h i s  ener,gy c o r r e s p o n d e d  t o  t h e  n i n i m m  v z l u e  d e t e c t e d ,  t i c  e n e r g y  

s p e c t r u m  c o u l d  n o t  be d e i c r i i n e d  w i t h  a S U I  i c i e n t  p r e c i s i o n .  The 

t o t d  e l e c t r o n  e n e r g y  flux vms 50 t i _ . e s  T r e a t e r  i n  t h i s  exper iment  

t h a n  i n  t h e  p r e c e d i n g .  



An i n t e n s e  e l e c t r o n  flux ( - 30 t i m e s  n o r e  powerfu l  t h a n  t b e  

p r o t o n  flux) was r e g i s t e r e d  by t h e  A t l a s  roclcet  a t  e 1 0 0 0  km n e a r  

tiie geomagnet ic  e F u a t o r  ( i n i i e r  r a d i a t i o n  b e l t )  by I i o l l y  and Johnson 

[53]. ‘They had conducted  t h e  a m l y s i s  o f  t h e  c l s c - i r o n  s p e c t r u m  i n  

r e g i o n  of 30 t0  4000keV e n e r g i e s  by  means o f  s i x  v a r i o u s  t h i n - w a l l e d  

coui2ters.  T h i s  s p e c t r u m  is p l o t t e d  i n  i?i,T. 2 i n  r e l a t i v e  u n i t s .  A 

p a r t i c u l a r l y  p o v ~ r f u l  e l e c t r o n  f l u x  v:as o b s e r v e d  w i t h  t h e  a i d  o f  a 

s a t e l l i t e  i n  h i g h  l a t i t u d e s  and a t  600 -1000 k m  a l t i t u d e  w i t h i n  t h e  

o u t e r  r a d i a t i o n  b e l t  by  i‘iault and o t h e r s  [54], vrho c o n s t r u c t e d  t h e  

e l e c t r o n  s p e c t r u m  for t h e  85 t o  1000 keV e n e r g y  i n t e r v a l .  I t  i s  

i n t e r e s t i n g  t o  n o t e  t h a t  t h e  s ,ectrum o f  e l e c t r o n s ,  r e g i s t e r e d  by 

a l u z i r e s e e n t  c o u n t e r  aboard  t h e  t h i r d  S o v i e t  a r t f f i c i a l  s a t e l l i t e  

a t  an a l t i t u d e  of 

o b t a i n e d  by rOeans o f  o t h e r  d e t e c t o r s .  

1000 km t 2 7 ,  24, 591, is a l s o  s i m i l a r  t o  s p e c t r a  

All t h e s e  s s e c t r a  have been  hoi-iever o b t a i n e d  a t  g r e a t  h e i g h t  

above t h e  i o n o s p h e r e ,  n h i l e  o n l y  i n d i r e c t  measurements of e l e c t r o n  f l w r  

s p e c t r u m  

t h e  X-ray r a d i a t i o n  s p e c t r u m  i n  t h r e e  w a v e l e n c t h s f  r e g i o n s ,  u s i n g  

s c i n t i l l a t i o n  c o u n t e r s  aboard b a l l o o n s  i n  t h e  oolLr r e g i o n ,  By t h a t  

s p e c t r u m  he  r e e s t a b l i s h e d  t h e  s p e c t r u m  of pri:..ary e l e c t r o n s ,  ryhich 

@ e n e r a t e d  t h e  r e g i s t e r e d  X-ray brehmst rzLlung a t  p a s s i n ?  t h r o u g h  t h e  

io i io sphe re .  One o f  t h e  s l l e c t r a  i s  b r o u g h t  o u t  i n  F ig .  2 .  All e l e c t r o n  

s 2 e c t r a  c o n s t r u c t e u  by Anderson, aaj: be r e p r e s e n t e d  by t h e  exponen- 

t ial l a w  w i t h  y = 4 t o  5. Anderson memured  t h e  X - r a d i a t i o n  s p e c t r u m  

d.uring p e n e t r a t i n g  r a d i z t i o n  f l a r e s ,  i. e d u r i n g  t i ie p e r i o d  of i n c r e a -  

s e  iii i i : tezcity c f  e1er i r . rnn flux. Kupperian and Friedman [60], d l s o  

u s i n g  r o c k e t - b o r n  s c i n t i l l a t i o n  c o u n t e r s ,  measured t h e  X - r a c i a t i o n  

s - w c t r u m  w i t h  a g r e a t  r e s o l v i n g  poycrer. They conducted  t h e i r  exper iment  

a t  mid-dle l a t i t u d e s ,  and t h a t  i s  why i t  is  p a r t i c u l a r l y  v a l u a b l e  for 
the examined q u e s t i o n  abou t  t h e  i o n o u p h c r e .  S i n i l x l y  t o  what was 

done S y  Anderson, t h e  e l e c t r o n  s n e c t r u m  brou;qht o u t  i n  F i g .  2 wac 

compute6 a c c o r u i n g  t o  d a t a  of  r e f e r e n c e  [GO]. It nay s l s o  be r e p r e s e n -  

t e d  by t l ic e x p o n e n t i d  law with Y = 3.8. 

were conducted  i n  t h e  i o n o s 2 h e r e .  Anderson [ 5 5 ]  measured 

. .  
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There  i s  l i t t l e  d a t a  on e l e c t r o n  s p e c t r u m  a s  y e t ,  a n 6  t h e s e  

e x p e r i m e n t a l  data are r e l a t e d  t o  t h e  ha rd  p a r t  o f  t h e  e n r p  spec t rum.  

B e s i d e s ,  measurenents  o f  c o r p u s c u l a r  s t r e a m s  s p e c t r a  r e r e  c a r r i e d  

o u t  i n  t h e  r e g i o n  o f  r a d i e t i o n  b e l t s ,  of a u r o r z e  e t c . ,  i n  c a s e s  when 

t h e  c o r p u s c u l a r  stream i n t e n s i t y  i n c r e a s e s  ' iundreds and t h o u s a n d s  

t imes.  D c s p i t e  t h i s ,  t h e  c h a r a c t e r  o f  t h e  s i i ec t rum is a n a l o g u s  i n  all 

c a s e s ,  i. e .  i t  h a s  t h e  e x p o n e n t i a l  form w i t h  y = 4 t o  5. Ihe s 7 e c t r u m  

computed by us a l s o  i s  e x p o n e n t i a l  w i t h  y = 4.5, and i s  found i n  t h e  

O v e r l a J p i n g  r e g i o n  o f  e n e r g i e s  i n  Rood aqreement  w i t h  t h e  e x i s t i n g  

e x p e r i m e n t &  d a t a .  The computed Gucctrum c o n t i n u e s  a l s o  i:l t h e  r e - i o n  

o f  e n e r g i e s  < 3  keV ( t h r o u g h  100 eV) ,  where no v a r i a t i o n s  mere e f f e c t e d  

as y e t .  The i n t e n s i t y  o f  s u c h  a e p c - L r u m  is lov ,e r  t h a n  t h a t  o b s e r v e d  

i n  all t h e  r e c a l l e d  e x p e r i m e n t s .  T h i z  i s  e x p l a i n e d  by t h e  f a c t  t h a t  

i t  i s  computed f o r  c o n d i t i o n s  oI" u n p e r t u r b e d  i o n o s p h e r e  i n  middle l a t i -  

t u d e s ,  when t h e  assilmed e l e c t r o n  f l u x  c u s t  be ainiclum. 

The absence  o f  e x p e r i m e n t a l  d a t a  on s o f t  e l e c t r o n s  is e x p l a i -  

neu by t h e  f a c t ,  t h a t  t h e  d e t e c t o r s  u s e &  h e r e t o f o r e  ( p h o t o n  c o u n t e r s ,  

i o n i z a t i i n  char lbers ,  s c i n t i l i z t i o n  c o u n t e r s  e t c .  ) f o r  t h e  c o r p u s c u l a r  

and c o s n i c  r a y  r a d i a t i o n s  were o n l y  s e n s i t i v e  t o  e l e c t r o n s  w i t h  

E > 10  - 20 keV, i. e .  t h e y  could o n l y  measure ( and t h e y  measured i n d e e d )  

only t h e  f f t a i l l ?  of  t h e  e l e c t r o n  enerf:y Spectrum. Gnly i n  t h e  e x F e r i -  

rnent by  F ie red i th  and o t h e r s  [Sl], was t h e r e  i n s t a l l e d  a d e t e c t o r  

c a p a b l e  o f  r e g i s t e r i n g  a f l u x  >lo9 cm'2 sec'' s t e r .  o f  s o f t  e l e c t r o n s  

w i t h  a 30 t o  1000 e V  e n e r g y .  Out o f  t h r e e  r o c k e t s ,  one r e a c h e d  176 k m  

b u t  no s o f t  e l e c t r o n s  were r e g i s t e r e d .  According t o  d a t a  o f  t h e  T ? b l e ,  

e l e c t r o n s  w i t h  e n e r g y  2500 eV mzy b a s i c a l l y  r e a c h  176 km i i igli ,  ~ h . 5 . l ~  

t h e i r  f l u x  c o n s t i t u t e s  - 2  

two o r i e r s  l e s s ,  t h a t  tile d e t e c t o r  o f  r e f e r e n c e  [ Y l J  c o u l d  have f e l t ,  

T h i s  example shorts t h a t  t h e  s o f t  e l e c t r o n  flux cou ld  have been measu- 

r e d  at s u f , i c i e n t l y  g r e a t  h e i g h t s  w i t h  t h e  h e l p  o f  t h a t  d e t e c t o r  o r ,  

f o r  exarlple by means o f  Gringauz '  t r a p s  [Si], s t i l l  inore s e n s i t i v e .  

The main q u z s t i o n  a r i s i n g  a b o u t  s o f t  e l e c t r o n  f l u x e s  i n  t h e  

-1 

ID7 cm'2sec'11 ster.-', i. e .  a l m o s t  by 

i o n o s p h e r e  i s  - what t h e  mechanism of f o r m a t i o n  of  s u c h  e l e c t r o n s  is 
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and vrhat is t h e  s o u r c e  o f  energy  f o r  s u c h  povcerful f l u x e s ? O n l y  

g e n e r a l  c o n s i d e r a . t i o n s  mag be  e x p r e s s e d  a t  t h e  p r e s e n t  time on t h e  

s u b j e c t .  It i s  obvious  t5at  t h e  f l u x  o f  e l e c t r o n s  i n  t h e  i o n o s p h e r e  

c a n n o t  be formed by s o l a r  c o r p u s c u l a r  s t r e a m ,  i r i capab le  o f  p e n e t r a -  

t i n g  through t h e  E a r t h ' s  magnet ic  f i e l d .  The F h r t h ' s  r a d i a t i o n  b e l t s  

cannot  c o n s t i t u t e  s o u r c e s  f o r  t h e s e  f l u x e s  e i t h e r ,  for t h e y  are 

a s l l r o a c h i n g  t h e  E a r t h ' s  i o n o s p h e r e  on ly  i n  t h e  r e g i o n  o f  h i g h  l a t i -  

t u d e s ,  I n a s n u c h  as t h e  e l e c t r o n  f l u x  above t h e  i o n o s p h e r e  and up t o  

1000 k m  remains  a b o u t  c o n s t a n t ,  as i n d i c a t e d '  by c o n p u t a t i o n s  oi' t h e  

mxgnitude a'n2 / 
t a k e s  p l z c e  i n  t h e  f l u x ,  t h e  s o u r c e  o f  e l e c t r o n s  i s  p r o b a b l y  l o c k t e d  

i n  t h e  i o n o s p h e r e  i t s e l f .  One mag be i n c l i n e d  t o  t h i n k  t h a t  e l e c t r o n  

a c c e l e r a t i o n  t a k e s  p l a c e  as a r e s u l t  of geomagnet ic  v a r i a t i o n s  on 

a c c o u n t  o f  t h e  e n e r g y  o f  t h e  Z a r t h ' s  ma:;netic f i e l d .  Such c o n s i d e r a t  

t i o n s  on t h e  o r i , T i n  ol fast  e l e c t r o n s  were b r o u x h t  f o r t h  by V. I. 

I i r a s o v s k i y  [ 2 0 ] ,  a l t h o u g h  n o  c o n c r e t e  mechamism h a s  been  proposed 

as y e t .  A more d e t a i l e d  a n a l y s i s  o f  i o n o s p h e r i c  d a t a  r e l a t e d .  t o  t h e  

F - l a y e r  maxiumum r e g i o n  and above , t a k i n s  i n t o  account  t h e  l i f e t i m e  

o f  f l u x '  e l e c t r o n s ,  night p r o v i d e  p r e c i s e  d a t a  on t h e  a n g u l a r  d i s -  

t r i b u t i o n  o f  e l e c t r o n  v e l o c i t i e s  i n  t h e  mac:netlic f i e l d ,  and. on t h e i r  

a c c e l e r a t i o n  mechanisn.  It i s  i n t e r e s t i n g  t o  n o t e  t h e  V.  N. Kessenikh  

h y p o t h e s i s  C62, 631 on t h e  o r i s i n  o f  f a s t  e l e c t r o n s  i n  t h e  i o n o e p h e r e  

i t s e l f ,  as a r e s u l t  o f  1 - decay o f  a l b e d o  n e u t r o n s .  AccorCing t o  h i s  

e s t i m a t e s ,  a c c o u n t i n g  f o r  th1: 

c i e n t  he a d m i t t e d  f o r  t h e  F2*1ayer ,  and.:iv:iich is M = 2 

s u c h  mechanism may a l so  prov-  

e x i s t e n c e  o f  F 2 - l a y e r ' s  n i g h t  i o n i z a t i o n .  

w h i l e  a c o n t i n u o u s  i n t e n s i v e  l o s s  o f  e l e c t r o n s  e f ,  

It  is i . u i t e  obvious  t h a t  t h e  E a r t h ' s  msgpct ic  f i e l d  must 

e x e r t  upon t h e  d i s t r i b u t i o n  o f  e l e c t r o n  f l u x e s ,  and on t h e i r  s o u r c e s ,  

a s u b s t a n t i a l  i n f l u e n c e .  A s h o r t a g e  o f  fas t  e l c c t r o n s  must be o b s e r -  

ved  a t  t h e  e q u a t o r  and at t h e  me:;netic p o l e  i n  : J z , . r t i cu l c r ,  This 
aI2pareni;ly i s  r e v e a l e d  by t h e  o b s e r v e d  s i n g u l a r i t y  o f  i o n o s p h e r e  

b e h a v i o r  i n  tk \ose  re<yions o f  t h e  3a . r th .  E l e c t r o n s  f l u s e s  must a l s o  

lay an n o t z b l e  i m p r i n t  on the  p a t t e r n  o f  t h e  d a y l i R h t  i o n 0  
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According  t o  C S I ,  t h e  a g e n t ,  r e s p o n s i b l e  f o r  t h e  f o r m t i o n  o f  t h e  

F - l a y e r  i n  d a y l i T h t ,  has a s i g n i f i c a n t 1 : -  higher a b s o r p t i o n  c r o s s  s e c -  

t i o n  by a t m o s p h e r i c  c o n s t i t u e n t s ,  t h a t  t h e  Sun’s  u l t r a v i o l e t  r a d i a -  

t i o n .  It is  p o s s i b l e  t h a t  tllc f l u x  o f  s o f t  e l e c t r o n s  m a g  be t h a t  

a g e n t .  

Z l e c t r o n  s t r e a m s  o f t e n  s t r e n E t h e n  o v e r  s p e c i f i c  r e g i o n s ,  

i n d u c i n g  a nonhomogeneity i n  t h e  i o n o s p h e r e ,  T h i s  must l e a d  t o  local 

v a r i a t i o n s  o f  t h e  C a r t h ’ s  magnet ic  f i e l d .  

All t 3 e s e  ques t i -ons must be examined s e + a r a t e l y .  

I n s t i t u t e  of Ap;Jlied Geophysics  
USSR Academy of S c i e n c e s  

E n t e r e d  on 
10 ::arch 1961. 

T r a n s l a t e d  by ArTDqT L.  TJRICHMJT 

f o r  t h e  

I”TATIGKtlL G H O N i , i D I C S  m u  SPACL: liDI I INISTi iATION 

1 6  A p r i l  1962 

z e  f e r e n c e s  f o l i o a .  ./ 



1 7  

R E F E R E N C E S  

1. V. G. ISTOKIN. Dokl A .  N.SSSR, 129,  81, 1959. 

2. V. G. ISTOMIN. Sb tlISZtt (AES), v.4, 171, 1960. 

3 . V. G. ISTOMIN. Ibid.  v.6, 127 ,  1961. (NASA TT F- 8103, 20 Nov.1961) 

4. V. G. ISTOMIN. B i d .  V. 7, 64, 1961. 

5 .  E. T. BYRAM, H. FRIEDMAN, J. E. iUPPERIAN Jr. J. Atm.and Terr.Phys. 
16, 174, 1959 

6. A. S. JURSA, Y. TANAKA, LE 8LANC. Plan. a Sp.Sci, 1, 161, 1959. 

9. A. D. DANILOV. Sb. ttISZtt (AES), v.3 and 10, 1961. 

10. G. S. IVANOV-KHOLDNYY. Dokl. A.N.SSSR, 137, 327, 1961 

12. Sb. Fiz ika  solnechnykh korpiisk lyarnykh potokov i ikh vozdeystviye na 
verkhnpyu atmosferu Zenli. (nhysics of Solar Corpuscular 
Streams and t h e i r  Ef fec t  upon the Upper Earth z Atmosphere) 

1957. 

13. A. H A ~ E R T .  C.R. , 22, 119, 1956. 

a. V. I, KRASOVSKIY. Priroda, No.5.55, 1957. 

15. R. A. ZEVAKINA. IZV. A.N.SSSR, ser.geofiz. 2, 304, 1959. 

16. B. E. !ELATSKI; A ?  S. BESPROZVANNAYA. Ann. Geophys. 14, L38, 1958. 

17.  A. H. SHAPLEY, R. J.  SLUTZ. Geophys. and I G Y  (Proc.Symp.:Jash D.C. 1957) 

18. E. I. MOGILE’rSKIY. (Same as 1 2 ) ,  p. 261, 1957. 

19. YA. L. A L ’ m T ,  V. L. GINZBURG, E.L. F’EYNBERG. Rasprostraneniye radiovoln 

Washington 45, 1958 

(Radiowave Propagat i on )  M y  G I T T ,  1953. 

20. V. I. ZRASOVSKN ( V. I. KRASSOVSKY) Planet.  Space Sci. ,  1, 14, 1959. 

cont’d. . 



18. 

Reef ernces cont d. . 
21.. - J. C. BRANDT, J. M. CXAMBERLAIN., Astrophys. J. 130, 670, 1959. 

22. J. M. CHAMBERLAIN, C. SEGAN. Planetospace Sci.,  2, 157, 1960 

23. V. I. KRASOVSKIY, I. S. SHKLOVSKIY, Yu. I. GAL'PERIN, E. M. SVETLITSKIY. 
IZV. A.N.SSSR., ser. geofira. 8, 1157, 1959. 

24. (SAP% ArJTHORS). DokL A.N. SSSR, 127, 78, 1959. 

25. V. D. PLETNEV. Izv. A.N.SSSR., ser. geofiz.  8, 1164, 1959. 

26. S. F. SINGER. J. Atmos. and Terr.Phys. 15, 48, 1959. 

27. S. CHAPMAN. Nature, 187 (4740), 824, 1960. 

28. V. I. KRASOVSKIY, Yu. M. KUSHNIR, G. A. BORDOVSKIY. UFN, 64(3),  425, 1958. 

29. J. A.  VAN ALLEN. Rocket Measurement of So f t  Radiation (Prepr)VCSAGY, 1958. 

30. J. .~ A. _-- VAN ALLEN. Origin and Nature of the Geoniagnetically-Trapped radia- 
t i o n  (p rep r in t ) ,  Conference, Nice 1960. 

31. L. A. ANTONOVA, G. S. IVANOV-KHOLODNYY. I z V .  A.N.SSSR, ser.wor"iz 196i: 
NO.$., 756, 1960. 

32. L. A. ANTONOVA. Izv. A.N.SSSR, ser .  geofiz.  1961 ( i n  p r i n t )  

33. T. OBAYASHI. J. Radio Res. Labs. 5, 213, 1958 

34. T. OBAYASHI. Rept. Res. Ionosphere, 12. 301, Japan, 1958. 

35. T. 09AYASHI. J. Geomagn. and Geoelectric,  10, 28, 1958. 

36. T. OBAYASHI. J. Radio Res. Labs. 6, 375, 1959. 

37 R. L. SMITH. J. Geophys. Res., 65, 815, 1960. 

39. B. J. O'BRIEN, J. A. VAN ALIEN, F. E. ROACH, C. W. GARTLEIN. J. Geophys. 
Res. 65, 2759, 1960. 

40. G. S. IVANOV-KHOLODNYY, L. A. ANTONOVA. Dokl. A.N.SSSR, 1961 ( i n  p r i n t )  

41. A. ENGEL'. Ionizovannyye gazy (Ionized Gases) M. Fizmatgiz, 1959. 

42. K.  I. GRINGAUZ. Sb llISZfl(AES), v e l  , 62, 1958. 

43. K. I. GRINGAUZ. Dokl. A.N.SSSR, 120, 1234, 1958. 

.. cont 'd  .. 



V 
I h  

References cont 'd . . 
44. J. E. JACKSON, J. A. KANE. J. Geophys Res .  64, 1074, 1959. 

45. J. S. SEDWN, J. E. JACKSON. Exper. res. of US rocket Progr. f o r  I G Y  
t o  1 July 1958, p. 104 

46. Trans.  Amer. Geophys. Un., 40, 63, 1959 

47. J. C. NISBET. J. Geophys. Res. 65, 2597, 1960. 

48. V. V. MIKHNEVICH, B. S. DANILIN, A. I. REPNEV, V.A. SOKOLOV. Sb"ISZ"(AES) 
v.3, 84, 1959. 

49. D. R. BATES. Proc. Phys. SOC. B64, 805, 1951. 

50. W. W. BERNING. J. Geophys. Res. 65, 2589, 1960. 

51. L. H. MEREDITH, L. R. DAVIS, J. P. HEPPNER, 0. E. BERG. Exper. Res.  
of US rocket  Progr. f o r  I G Y  t o  Ju ly  1, 1958, p.169 

52. C. E. McILWAIN. J .  Geophys. Res, 65, 2727, 1960. 

53. F. H. HOLLY, R. G. JOHNSON. J. Geophys. Res, 65, 771, 1960. 

54. IT. WALT, L. F. CHASE, J. H. GLADIS, W.L. EHOF, D. J. KNECHT. Energy 
Spectra and A t t i t i  de Dependcnce pf Electrons 
Trapped i n  t h e  J3arth's Magnetic F ie ld  (prepr.)  
Coference, Nice 1960 

55. K. A. ANDERSON. J. Geophys. Res, 65, 551, 1960. 

56. MITRA J. J. geophys. Res. 64, 733, 1959. 

57. LANDOLT*BORNSTEICN. B. 1, t. 5 ,  b e r l h  1951. 

58. Mc ILWAIN.  Exper, Res. US Rocket ?orgr.for I G Y  t o  1 Jul.1958, p. 16b. 

59. V. I. ICRASOVSYIY, Yu. I .  KUSHNIR, G. A. BORDOVSKIY, G. F. WIcHA;IOV, 

E. M. SVETLITSKIY. Sb t11SZtf(AES)v.2, 59, 1958. 

60. J .  E. KGPPERIAN Jr., H. FREDMAN. Exp. Res of US Rocket Prog.to 1 July  

61. K. I. GRINGAUZ. V. V. BEZRUKIXH. V. D. OZEROV. R. E. RYBCHINSKIY. 

1958. I G Y  Rocket Report Ser ies ,  No. 1, 1958 

Dokl. A. N. SSSR, 131, 1301, 1960. 

62. V. N. KESSNIKH. Tr .  Sibirsk.  fiz.-tekhn.in-ta p t i  Torskorri Universi te te  
(CFTI), V. 36, 361, 1958 

63. V. N. XESSENIKH. T r .  SFTI, V. 37, 330, 1959. 


